Introduction Given the poor life expectancy of the majority of patients with brain metastases, quality of life (QOL) endpoints are especially valuable to assess in this population. The present study assessed QOL in patients with brain metastases before and after treatment for their disease. Methods The European Organization for Research and Treatment of Cancer Quality of Life Questionnaire (EORTC QLQ-C30) and the EORTC Brain Cancer Module (EORTC QLQ-BN20) questionnaire were administered to assess the QOL of patients with brain metastases before and 1 month after treatment. Linear regression analysis was applied to assess changes in QOL scores over time and to examine associations between the QLQ-BN20 and QLQ-C30 scales, patient demographics and clinical variables. Associations between the QLQ-BN20 and QLQ-C30 scales were evaluated using Spearman correlation. Results There were 47 patients assessed at baseline, 31 (67%) completed follow-up at 1 month post-treatment. The majority (81%) of patients received whole-brain radiotherapy only. Future uncertainty (QLQ-BN20) and fatigue (QLQ-C30) were the most prominent symptoms at baseline. Most QLQ-BN20 and QLQ-C30 scales did not significantly change from baseline to follow-up with the exception of hair loss (p00.0004) and itchy skin (p<0.0001), which worsened post-treatment. Baseline KPS was positively correlated with QLQ-C30 physical functioning scale but negatively correlated to QLQ-BN20 motor dysfunction (p 00.016), hair loss (p00.013) and leg weakness (p00.015) as well as QLQ-C30 pain (p00.042) and appetite loss (p00.030). Conclusion The maintenance of nearly all QOL scores 1 month after treatment indicates the treatment intervention likely played a symptom-stabilizing role and prevented QOL deterioration in the palliative setting.
Introduction
Brain metastases constitute the most common intracranial neoplasm in adults, occurring in 10-15% of patients with advanced cancer [1, 2] . The majority of brain metastases originate from primary cancer of the lung (40-50%), breast (15-25%) or skin (5-20%) [3, 4] . Depending on the location of the brain metastases, patients may present with a range of neurological symptoms such as headaches, focal weakness, mental disturbances, behavioural changes, seizures, speech difficulty, and ataxia [5] .
The management of brain metastases depends on several patient-related and tumour-related characteristics [6] . Whole-brain radiotherapy (WBRT) and/or corticosteroids are the standard treatment for the majority of patients presenting with multiple lesions or widespread metastatic disease. More aggressive treatment modalities such as surgery and stereotactic radiosurgery (SRS) are reserved for patients with good performance status and limited extracranial disease. With treatment, median survival increases up to 3 to 6 months compared to the median survival of 1 month among untreated patients with brain metastases [5, 7, 8] . While traditional endpoints of survival and local brain tumour control are important to consider, quality of life (QOL) is arguably the more important endpoint to assess given the guarded prognosis of this patient population.
QOL refers to a subjective multi-dimensional construct encompassing physical, emotional, social and cognitive functions. The European Organization for Research and Treatment of Cancer core questionnaire (EORTC QLQ-C30) is an internationally validated instrument frequently used to assess QOL in oncology clinical trials [9] . The EORTC Quality of Life Questionnaire-Brain Neoplasm (QLQ-BN20) is a 20-item questionnaire developed and validated for patients with primary brain tumours [10, 11] . This cancer subtype-specific QOL questionnaire is often used as a supplement to the QLQ-C30 core general questionnaire. The present study assessed QOL in patients with brain metastases before and after treatment using the QLQ-BN20 in conjunction with the QLQ-C30.
Methods and materials

Patients
Patients undergoing WBRT, radiosurgery/gamma knife and/ or neurosurgical resection, for their brain metastases were approached for the study. English-speaking patients over the age of 18 with documented single or multiple brain metastases were eligible for this study. Consenting patients completed the QLQ-BN20 and QLQ-C30 questionnaires before and 1 month after treatment for brain metastases. Baseline demographic data collected included age, Karnosky performance status (KPS), gender, primary cancer site and the presence of visceral or bone metastases. All research encompassed in this study was approved by the Sunnybrook Health Sciences Centre research ethics board.
Questionnaires
The EORTC QLQ-C30 and QLQ-BN20 questionnaires were completed by patients at baseline and 1 month following the treatment with a research assistant. The QLQ-C30 is a 30-item general questionnaire that assesses a wide range of functional outcomes and symptoms relevant among oncology patients. It consists of five functional domains assessing physical role, cognitive, emotional, and social aspects, one global QOL domain, three symptom domains (fatigue, pain, and nausea and vomiting), five single items assessing other symptoms (dyspnea, insomnia, anorexia, constipation, and diarrhea), and one item assessing financial impact. Each question/item was scored on a numeric scale from 1 to 4 (1 0 "not at all"; 2 0 "a little"; 3 0 "quite a bit"; 4 0 "very much"). The only exception was with last two items assessing overall health and overall QOL, both of which were scored from 1 (very poor) to 7 (excellent). Scores (0-100) for each scale and the single items were generated according to the QLQ-C30 scoring manual [12] . On the scale of 0-100, a higher score for each symptom scale corresponds to worse symptom burden. Conversely, higher scores are favourable for functional scale items and the last two QLQ-C30 questions assessing patient's perceived overall health and overall QOL.
The QLQ-BN20 consists of 20 questions; seven single item symptom scales (headaches, seizures, drowsiness, hair loss, itchy skin, leg weakness and bladder control), along with four multi-item scales (future uncertainty, visual disorder, motor dysfunction and communication deficit). Raw scores for the QLQ-BN20 items were computed and subsequently transformed linearly to a 0-100 scale. Procedures for scale and single item scoring were similar to that of the EORTC-C30 questionnaire. A higher score represents worse QOL for all QLQ-BN20 scales and single items.
Statistical analysis
Descriptive statistics summarized demographics. Spearman correlation was used to explore relationships between QLQ-BN20/QLQ-C30 scales at baseline and post brain metastases treatment. Mean QLQ-BN20 and QLQ-C30 were plotted for baseline and follow-up. One-way analysis of variance (ANOVA) was applied to compare QLQ-C30 and QLQ BN20 scores between baseline and follow-up visits. To normalize the distribution of each QLQ score, data were transformed using natural log. In the ANOVA, the outcome was the log-transformed QLQ score and the independent variable was the binary visit variable (baseline or follow-up). Additionally, general linear regression analysis was used to examine the association between KPS and QLQ-BN20/QLQ-C30 scores at baseline and follow-up, respectively. A two-sided p value <0.05 was considered statistically significant. All analyses were conducted using Statistical Analysis Software (SAS for Windows, version 9.2).
Results
A total of 47 patients completed the QLQ-BN20 and QLQ-C30 questionnaires at initial consultation. Baseline patient characteristics of the study population are summarized in Table 1 . The most common primary cancers were of the lung (37%) and breast (35%). The majority of patients received WBRT alone (81%), while the remaining patients received either WBRT with radiosurgery (15%) or neurosurgery (4%).
Of the initial 47 patients, 30 (67%) completed both questionnaires at follow-up.
All QLQ-BN20 baseline scales other than "difficulty concentrating" significantly correlated with at least one QLQ-C30 scale at baseline (Table 2) . Conversely, all QLQ-C30 scales significantly correlated with one or more QLQ-BN20 scale at baseline. Overall QOL was significantly negatively correlated with QLQ-BN20 scales of future uncertainty, motor dysfunction and headaches.
When comparing baseline and follow-up questionnaire scales, significant worsening from baseline was only observed with QLQ-BN20 hair loss (p 00.0004; 8.3 vs. 33.3 for baseline or follow-up mean scale) and itchy skin (p<0.0001; 0 vs. 21.8 for baseline or followup mean scale) scores. The global QOL scale as assessed by the QLQ-C30 was not significantly different at follow-up compared to baseline, indicating the treatment intervention served to maintain QOL in the study population. No other significant improvement or deterioration was observed in the remaining QLQ-BN20 and QLQ-C30 scales.
For this population, none of the patients experienced itchy skin at baseline. Mean baseline symptom scores ( Fig. 1 ) for the remaining QLQ-BN20 scales ranged from 8±21 (seizures) to 45±26 (future uncertainty). QLQ-C30 mean symptom scores ( Fig. 2 ) at baseline ranged from 4±16 (diarrhea) to 44±28 (fatigue), with higher scores indicating greater symptom burden. QLQ-C30 mean baseline scores for the functional scales and overall QOL ranged from 55± 29 (role functioning) to 73± 24 (cognitive functioning). Higher scores for these functional scales are reflective of more favourable outcome.
At baseline, initial KPS was negatively correlated to QLQ-BN20 scales of motor dysfunction (p00.016), hair loss (p00.013) and leg weakness (p00.015). In other words, patients with a lower KPS experienced greater symptom burden in these scales. A negative correlation was observed with KPS and QLQ-C30 scales of pain (p 00.042) and appetite loss (p 00.030). However, patients with higher KPS were more likely to have better physical functioning (p00.0007).
The mean follow-up QLQ-BN20 and QLQ-C30 scores are displayed in Figs. 1 and 2 , respectively. Mean QLQ-BN20 symptom scores at follow-up ranged from 8± 21 (seizures) to 44.2±26 (future uncertainty). QLQ-C30 mean symptom scores at follow-up ranged from 4.9±15 (dyspnea) to 49±25 (fatigue). Mean QLQ-C30 functional scale and overall QOL scores ranged from 56±21 (global health status/QOL) to 71±26 (cognitive functioning). Lower symptom scores and higher functioning scores indicate more favourable outcome.
At follow-up visit, initial KPS was negatively related to QLQ-BN20 scales of difficulty concentrating (p00.030), visual disorder (p00.017), motor dysfunction (p00.046), seizures (p00.011) and bladder control (p00.0008). This revealed that patients with lower initial KPS were more likely to experience greater symptom burden in these scales. Conversely, better baseline KPS was associated with better physical functioning (p00.011). a Patient received whole-brain radiotherapy (WBRT) and radiosurgery within 4 weeks of one another, and both treatments were prior to the 1 month follow-up 
Discussion
To date, there is limited data in the literature regarding the effects of radiation treatment on the QOL of brain metastases patients, with the majority of studies examining endpoints such as survival, time to recurrence of intracranial disease and preservation of functional independence. Although these objective endpoints are more easily measured, subjective symptoms and QOL are crucial to consider in the care of patients with brain metastases. This is especially true in palliative settings where treatment intent centres on improving or maintaining QOL through symptom palliation [13] . The present study revealed that overall QOL, as assessed by the QLQ-C30, did not significantly improve or deteriorate at 1 month after treatment. This suggests the intervention may have served to preserve the QOL in this patient population. Several studies have revealed improvement in certain parameters of QOL after radiation, especially among patients with better prognosis [14] [15] [16] [17] [18] . Conversely, other investigators have found that certain aspects of QOL worsened following radiation to the brain [19, 20] .
Future uncertainty was the most prominent QLQ-BN20 symptom at baseline among the patients in the present study. This finding was also observed in the study by Steinmann et al., which employed the QLQ-BN20 in conjunction with either the QLQ-C15-PAL or the QLQ-C30 to assess QOL in patients with brain metastases [21] . The present study additionally draws attention to the potential psychological implication of this finding as future uncertainty was found to negatively correlate with overall QOL before and 1 month after treatment.
The few QOL studies in the literature involving patients with brain metastases undergoing radiation employed a range assessment tools including the Spitzer Quality of Life Index, European Organization for Research and Treatment of Cancer Core Quality of Life Questionnaire (EORTC QLQ C30), Profile of Mood-States short form, the Functional Assessment Cancer Therapy general (FACT-G) instrument often along with the brain subscale FACT-Br, as well as two study-designed assessments. These multi-item assessment tools are especially valuable in capturing a broader view of patients' overall disease condition, compared to the KPS or Eastern Cooperative Oncology Group performance status alone.
Similar to the present study, previous studies by Gerrard et al. and Roos et al. have employed the QLQ-C30 in conjunction with the QLQ-BN20 to assess QOL of patients undergoing radiotherapy for their brain metastases [16, 22] . When assessing patients with brain metastases, utilizing cancer subtype-specific questionnaires, such as the QLQ-BN20, in addition to the core questionnaire allows more specific and pertinent information to be collected. Gerrard et al. performed three studies aimed to evaluate WBRT in patients with brain metastases, two of which employed the QLQ-BN20 and QLQ-C30 questionnaires [22] . The first study assessed QOL in patients with multiple brain metastases and poor prognostic features receiving WBRT. The two questionnaires were completed before WBRT as well as 2, 4 and 8 weeks after treatment. Data analysed from 18 patients revealed high levels of drowsiness and fatigue that persisted from baseline to 8 weeks. Poor levels of physical and social functioning were also noted among patients in this study. Improvement in QOL was only observed in three patients at either 2 or 4 weeks posttreatment. In their second study, Gerrard et al. examined QOL in patients with brain metastases receiving WBRT (20 Gy/5 as opposed to 12 Gy/2 in the first study). Unfortunately, due to poor recruitment and assessment difficulties, the study was terminated prematurely with only six patients accrued. Data collected at baseline as well as 4 and 8 weeks post-WBRT did not show any evidence of QOL improvement in this patient sample. The randomized study of WBRT vs. observation (control group) after surgery or post radiosurgery by Roos et al. also used the QLQ-BN20 and QLQ-C30 to examine QOL longitudinally [15] . Due to slow accrual, the investigators terminated the study prematurely with a total of 19 patients accrued. Detailed QOL analysis was not conducted as a result of the small sample size. Data from the 19 patients did not reveal significant differences in the two study arms in terms of global health scores or global QOL scores. The results of this study did not indicate any significant improvement or deterioration after patients received WBRT.
The three studies by Gerrard et al. and Roos et al. experienced difficulty with data collection, especially at later followups [16, 22] . High attrition rates were also noted in other similar QOL studies involving patient with brain metastases using either the FACT-Br alone or in conjunction with the FACT-G [20, 23] . As expected due to the guarded prognosis and rapid deterioration of this patient cohort, many patients (23%) were also lost at follow-up in the present study. Although QOL assessment is anticipated to be difficult in this population, further efforts towards maximizing recruitment and compliance at subsequent follow-ups should be made. While the QLQ-BN20 and QLQ-C30 used in this study provide a comprehensive overview of QOL, the task of completing 50 questionnaire items can be quite arduous for patients with poor performance status and mental status. In the multicentre pilot study by Steinmann et al., examining the effects of radiotherapy for brain metastases on quality of life, patients were either asked to complete the QLQ-C30 or QLQ-C15-PAL in addition to the QLQ-BN20 [21] . The EORTC QLQ-C15-PAL is a 15-item version of the 30-item QLQ-C30, designed especially for palliative cancer patients with the intent of decreasing assessment burden among the advanced cancer patient population. In comparing the use of the two questionnaire combinations, notably higher compliance and practicability resulted with the shorter version (QLQ-C15-PAL). Future QOL studies involving patients with brain metastases may likewise benefit from the utilization of more condensed, yet still comprehensive questionnaires.
A limitation in the present study was the attrition due to health deterioration or death, as observed in similar studies [24] . As such, the findings of the study may be more representative of patients with better prognosis who were well enough to complete follow-up. Also, systemic treatments post-radiotherapy were not recorded which may have confounded our findings. Brain metastases constitute a serious and debilitating complication in many cancer patients. In evaluating the effectiveness of treatment options among this patient population with limited life expectancy, assessing QOL may uncover more informative findings compared to measuring traditional end points such as survival alone. It is important to note that the QOL issues experienced by patients with brain metastases may not completely mirror those experienced by patients with primary brain neoplasm. Therefore, further studies validating QOL questionnaires initially developed for primary brain cancer patients, such as the QLQ-BN20 and the FACT-Br, among patients with brain metastases are necessary. Understanding the expected QOL outcomes of WBRT and other available treatment modalities for this patient population may prove instrumental in making optimal treatment decisions.
